This paper compares the experiment and simulation results of vehicular traffic merging flow and granular merging flow. The flow rate behavior and the phase diagram of the two systems are reported and compared. Although the two systems show different flow rate behavior and phase transition phenomenon, they can be optmized with similar methods.
Introduction
Traffic and granular flows are ubiquitous in natural and daily environments. The study of traffic and granular flows has attracted much attention [1] [2] [3] [4] [5] [6] [7] . Traffic flow system is composed of many self-driven cars which are not allowed to collide. Granular flow system is composed of many Newtonian particles colliding with each other. Although they are different in their driven modes and technical applications, they often show similar phenomena.
The scenario of merging flow are very important for the two system. In the traffic flow system, three distinct dynamic phases are observed on highways: the free traffic flow, the traffic jam, and the synchronized traffic flow. Recent experiments show that, synchronized traffic is often observed localized near bottlenecks like the on-ramps [7, 8] . Similarly, in a granular flow system, the merging of particles can trigger different flowing patterns in the upward channels, such as dilute flow and dense flow [9] .
In this paper, we compare the results of traffic and granular merging flow. The two system's flow rate behavior is compared, together with their phase 145 diagrams. The results show that the two systems behave quite differently, but they can be optimized by similar methods. Based on the findings of our experiments and simulations. We propose some optimization remarks for the two systems.
Experiment Setup and Simulation Model
We show simulation result for traffic merging flow, together with experimental results for granular merging flow. We emphasize that the results of traffic and granular merging flows presented here are different from our previous work (see Ref. [8] [9] ) in that we study a wider side channel. 
Simulation of traffic merging flow
We adopt the Nagel-Schreckenberg (NaSch) cellular automata (CA) model to simulate the merging system, as shown in Fig. 1a . The merging system is composed of road A, road B and road C. Road B has two lanes. In each road, the dynamics obeys NaSch rules. Define Vi and Di as the velocity of car i and the number of empty cells in front of car i, respectively. In the NaSch model, the update rules are: (i) Acceleration: Vimin (Vmax, Vi+1); (ii) Braking: Vimin (Di; Vi); (iii) Randomization: Vimax (0; Vi-1) with probability p; (iv) Moving: car i moves Vi cells. Here the maximum velocity is Vmax=1, and the slowdown parameter is p=0. The insering rates for road A and B are a 1 and a 2 . The conflicts at cells C 1 and C 2 are handled by the rule similar to reference [4] but road A is privileged over road B. The control variables are a 1 and a 2 . 
Experiment of granular merging flow
The granular channels A and B merge at M, as shown in Fig. 1b . Channel A has a width of 20cm, while channel B has a width of 50cm. The channels are mounted on a plate with 30 o to the horizion. We use steel beads of diameter 2.5mm as granular particles. The channel is designed to ensure one layer flow of particles in the system. Beneath the final exit, the flow rate is measured by an electronic balance with the sensitivity of 0.1g and the weighing frequency of 5Hz. The inflows from both channels are controlled by a gate with opening width of D 1 and D 2 . Thus the controlling/adjustable variables in this system are D 1 and D 2 , which plays a similar role as a 1 and a 2 in the traffic system. Figure 2 shows the final flow rate contours of the two systems. In the merging traffic flow system, one can see the flow rate normally increases monotonically with a 1 or a 2 . In the lower left part of the contour, road A and road B are both in low density free flow state. This flowing state can be denoted as low density-low density state (or LL state). In the upper right part, road A is in low denstiy free flow, while road B is in high density congestion. This flowing state can be denoted as low density-high density state (or LH state). Fig. 3 shows a typical flow rate behavior of Ja, Jb, Jc against a 1 with a fixed a 2 =0.2. One can see that road A is always in free flow state, and Ja increases monotonically with a 1 . When a 1 >0.2, road B enters congestion, and Jb decreases correspondingly. Of course we have Jc=Ja+Jb. The maximal flow rate is 0.5. The theoretical prediction of maximal flow rate of NaSch model is: Considering Vmax=1, one can see that the simulation and theoretical prediction are in agreement. In the flow rate contour of granular flow system (Fig. 2b) , there is nonmonotonicity against D 1 or D 2 . Moreover, the maximal flow rate occurs at lower right corner of the contour, corresponding to a larger inflow from channel A. This is different from that of Fig. 2a . This is mainly because different phase transition behavior appears in the granular flow system. One can also calculate the flow rate by:
Results and Discussion
where V is the mean velocity of particles, D is the channel width, m 0 =0.06g and S 0 =4.9x10 -6 m 2 is the mass and area of one particle, ρ is granular density, Ф is solid fraction. We find that the calculation results are in agreement with the experiment.
148 Figure 4 shows the phase diagram of the two systems. One can see that the traffic flow system shows two states of LL state and LH state. However, the granular flow system shows four states of LL, LH, HL and HH states. Compared with the flow rate contour of Fig. 2b , one can see that the boundaries of the states cannot be simply determined by the flow rate. The flow state should be determined by the local density in the channels. If the solid fraction is above 0.65 in the channel, the channel is in high density flow (or dense flow). If the solid fraction is below 0.65 in the channel, the channel is in low density flow (or dilute flow). The critical solid fraction of 0.65 agrees with literature [1, 9] . Figure 5 shows the illustration of the LH and HL state of the granular flow system. One can see that in both cases, the flow is blocked at the merging point. Therefore, the flow rate can not increase in both cases. This explains why the maximal flow rate occurs at the lower right corner of Fig. 2b , corresponding to the LL state and with a larger inflow from channel A. 
Optimization Remarks
With comprehensive experiments and simulations (not shown here), we put forward some optimization methods for the two merging systems. In order to enhance the overall flow rate of the system (measured by the flow rate of Jc in traffic system, or the final exit flow rate in granular system), one should consider the following issues.  The main road/channel should be privileged in the control. For traffic system, the main road should be given privilege when conflicts happen. For granular system, the main channel gate should be open first.  It is important to keep a low density flow in the main road/channel. If the main road/channel is congested, the system's performance will greatly decrease.  The flow rate can be further enhanced if the outlet size can be enlarged, regardless the inflow rate from the two channels. 
Conclusion
In summary, we have studied and compared the behavior of traffic and granular merging flow. The flow rate behavior and the phase diagram of the two systems are reported. Base on the data, we propose some optimization issue for the two systems. Although the two systems can show quite different phases and phase transition behaviors, they can be optimized with similar methods.
The outcome of this work can be useful for the control and management of related systems, such as pedestrain flow, debris flow and land slides.
